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Abstract 
Advancement in technology and greater technological environment has changed the idea of maintenance from necessary evil to profit – 
generating business element. It has now become important for the companies to adopt best practices in maintenance domain along with other 
industrial discipline to not only improve their competitive position but also, to ensure sustainable and productive operation of resources. In 
order to make rapid improvements, companies should examine their maintenance practices from external perspective. For this reason, 
philosophy of benchmarking is used which is continuously measuring and comparing business processes in search of best practices which when 
adopted may lead to better performance. This article presents a benchmarking study of maintenance practices carried out within the automotive 
industries of Pakistan. The high significance in the growth of economy and a leading domain of large scale manufacturing in Pakistan were the 
enabling factors of selecting the automotive sector for this study. Organization and planning/scheduling of maintenance activities were the main 
areas evaluated in this research and the results were gathered via questionnaire filling technique. Results obtained for different industries were 
not only compared with each other but were also compared with prescribed world class benchmarks. Areas where the companies lead and lack 
are highlighted to make sure that the companies can improve their performance in terms of sustainability and productivity. 
© 2016 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the International Scientific Committee of the 13th Global Conference on Sustainable Manufacturing. 
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1. Introduction 
The automotive industry is considered as a key sector for 
the economic development of any country. The global 
automobile industry is slowly and gradually shifting towards 
Asian countries, mainly because of saturation in the West [1]. 
Pakistan is amongst a few countries of the world which have 
manufacturing plants for all kinds of vehicles i.e. 2/3 
wheelers, motorcars, light commercial vehicles (LCVs), 
tractors, trucks, buses etc.[2]. The high economic multiplier 
and its importance in global context makes the auto industry 
of Pakistan a key player in national economy and a leading 
industrial domain to steer the growth in large scale 
manufacturing sector[1]. In order to improve and compete in 
global economy automotive companies have to focus on 
producing goods and services at the right price and time, so 
that they can survive and compete. At this point research can 
play its role by providing innovative ideas and solutions that 
could help automotive sector to cut off unit cost and to 
compete in the global market. For this reason there is a need to 
analyze, improve and innovate all the functions of industries 
that could help to fulfill the purpose. Among those functions 
importance of maintenance cannot be neglected. Studies show 
that maintenance represents 15 to 40% of the total product 
cost and improving maintenance is considered to be easier and 
more likely to occur [3].Moreover effective maintenance can 
play an important role in achieving sustainability in 
manufacturing. It helps to sustain the quality of process, safety 
and supports manufacturing sustainability on a technological 
basis. Therefore it has now become important for the 
companies to adopt best practices in maintenance domain 
along with other industrial discipline to not only improve their 
competitive position but also, to ensure sustainable and 
productive operation of resources. In order to make rapid 
continuous improvement companies must be able to examine 
their maintenance practices from external perspectives. They 
must analyze and compare their practices with other 
 l  . This is an open access article under the CC BY-NC-ND license 
(http://cr ativecommons.org/ censes/by-nc- d/4.0/).
Peer-review under responsibility of the International Scientifi c Committee of the 13th Global Conference on Sustainable Manufacturing
712   Javeria Younus et al. /  Procedia CIRP  40 ( 2016 )  711 – 715 
organizations and adopt the ones which can result in better 
performances.  
In this research a benchmarking study is conducted to analyze 
and get an overview of trends and perspective of the 
maintenance practices of automotive industries of Pakistan. A 
comparison was made among different industries as well with 
that of the world class maintenance practices to help the 
industries identify the areas which need improvement and 
subsequently take measures to improve their performance to 
the world class standards. 
2. Methodology 
Many authors have highlighted different areas of 
maintenance management. In this research survey proposed by 
Wireman [4] was used. The survey presents sixteen different 
areas to measure maintenance practices of any organization. 
Each section contained ten questions and had different set of 
options with 4 to be the maximum and 0 be to minimum score. 
Therefore the maximum score any organization can get in a 
section was 40. World class benchmark (WCB) value for each 
section was also provided to compare average score and 
individual performances of organizations with WCB 
standards. 
Out of sixteen maintenance areas two that are maintenance 
organization and maintenance planning & scheduling were 
selected for evaluation. Maintenance organization which is 
defined as a system for managing resources, formulating 
regulations, operating procedures, task assignments, workflow 
and reporting channels that helps maintenance function to 
meet its goals efficiently and effectively[4,5]. Planning in 
maintenance deals with setting performance objectives and 
developing decisions that help to achieve them[6] and 
scheduling is mainly bringing together the six elements of a 
successful maintenance job that is the mechanic, tools, 
materials/parts, availability of unit to be serviced, information 
needed to complete the job and the necessary permissions in 
the precise timing[7]. 
For the authenticity of data questionnaire was being filled 
by different concerned personnel belonging to the same firm. 
An online survey was sent to the maintenance manager and 
production manager of the companies. People and staff related 
to the field were interviewed on telephone as well as on one to 
one basis to get the required information. For results with dual 
responses, the average of the responses was used.  
Then the data collected was evaluated using bar charts to 
analyze the performance of the selected industries and to 
compare them with that of WCB in individual section 
evaluated. Table 1 shows the maintenance management areas 
and their WCB values. 
Table 1 Maintenance Management activities and WCB values[4]. 
Sections WCB 
Maintenance Organizations 24.5 
Maintenance Planning and Scheduling 22.5 
 
The automotive sector can be divided into six major segments 
which are[8]: 
x Cars and LCV’s 
x Two and three wheeler 
x Tractors  
x Trucks and buses 
x Accessories and part manufacturers and 
x  Vendor industry 
Industries for data collection were selected in such a way so as 
to incorporate data from all the above mentioned categories. 
Table 2 categorizes the selected industries with respect to the 
products manufactured. 
Table 2 Evaluated industries and their products. 
Company Major products 
Company A Car, LCVs 
Company B Car, LCV, two wheelers, part manufacturer & suppliers 
Company C Two wheelers, part manufacturer & suppliers 
Company D Tractors, trucks, buses, LCVs 
Company E Vendor industry 
2.1. Description of Selected industries 
2.1.1. Company A: 
Company A is a multinational company (MNC) and one of the 
three major players that dominate the automotive market of 
Pakistan. It was founded about twenty six years ago with the 
joint venture of different Japanese companies. Currently it has 
an installed capacity of producing about 54,000 units per year 
and generates a turnover of about 57,000 million rupees. 
2.1.2. Company B: 
Company B is a multinational company (MNC) and is 
considered to be the largest car assembler in Pakistan. It was 
founded about twenty two years ago and currently has an 
installed capacity of producing about 150,000 units per year 
and generates a turnover of about 51,000 million rupees. 
2.1.3. Company C: 
Company C is a multinational company (MNC) and is 
considered among one of the leading automotive industries of 
Pakistan. It was founded twenty eight years ago with the joint 
venture of a Japanese based company and currently has an 
installed capacity of producing about 750,000 units per year 
and generates a turnover of about 44,000 million rupees. 
2.1.4. Company D: 
Company D is a local company and was founded thirteen 
years ago. It has developed into the leading brand in Pakistan 
for assembling and manufacturing commercial vehicles and 
also exports its products worldwide. Currently it has an 
installed capacity of producing about 55,000 units per year 
and generates a turnover of about 1000 million rupees. 
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2.1.5. Company E: 
Company E is a local vendor company founded about thirty 
six years ago. It provides its services to different automotive 
multinational Original Equipment Manufacturers (OEMs) and 
also exports spare parts abroad. Its current capacity and 
turnover is not known due to unavailability of data. 
3. Analyzed Sections 
The results obtained from the survey were evaluated and are 
represented in the Figure 1. The results show that the average 
performance of evaluated industries in the section of 
maintenance organization is below but near to that of WCB 
standards. Where as in maintenance planning and scheduling 
the average performance of the industries is satisfactory and is 
above than that of WCB value. 
Figure 1. Performance of automotive industries of Pakistan in maintenance 
organization. 
Results also show that although average scores are in 
satisfactory range but a clear gap can be seen in the 
performances of the industries. Some industries have scored 
really high and some have scored low in the evaluated 
sections. Therefore there is a need to look into the practices so 
that it could help to improve performances and ultimately 
improve the overall results. 
3.1. Maintenance Organization: 
The main objective of maintenance management is to 
ensure smooth operation of equipment and keep their 
operating costs down. For large or small organization the key 
to achieve this goal is to appropriately organize maintenance 
activities[9]. Maintenance organization acts as a central 
structure for providing direction to the maintenance operation. 
For an effective maintenance organization it is important to 
have a well-established structure which clearly defines the 
path of information flow, roles and responsibilities of 
maintenance personnel[4]. Results from Figure 2 and Figure 3 
show that although companies have developed maintenance 
organizational charts but they lack in establishing roles and 
responsibilities related to maintenance tasks and do not have 
proper structure of maintenance organization assignments. 
Maintenance organizational assignments of Company C have 
some gaps in job coverage. Whereas for Company D and 
Company E the document does not have clear job description 
or posses information that should be present. 
 
 
Figure 2. Maintenance organizational chart 
Figure 3. Organizational assignments for the maintenance activities. 
One of the most important tasks for maintenance 
organization is management of resources which include 
human (personnel, intellectual talent), financial (capital, 
budget, cost), physical (plant, equipment, land, materials, 
parts, etc.) and information[9]. Among these resources, 
management of human resource is considered to be the most 
complex and is believed to have a close relation with system 
failure[10] and employees attitude is considered to be very 
critical factor for achieving best practices[4]. 
Results in Figure 4 show that for majority of the firms 
employees have average work pace. Moreover results from 
Company D and Company E show occasional good efforts 
from the work force, frequent job delays and many complains 
which is not a positive indication. 
Figure 4. Maintenance organization effort and attitude. 
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Results in Figure 5 show that even though the quality and 
skill level of maintenance work force is same for all the 
evaluated companies still the effort and attitude of the 
employees vary with the incentive scheme. 
Figure 5. Possible reasons for poor performance of maintenance work force. 
It is not enough to simply get the job done but employees 
must be motivated. It is a core responsibility of an 
organization to create an environment in which people when 
achieve the goals are rewarded. 
It is believed that offering good incentives not only help 
organizations to overcome performance problems but is 
considered to be an effective tool to achieve success in terms 
of performance effectiveness and efficiency[6]. Therefore it 
can be concluded that one reason for not so good attitude and 
poor performance of maintenance workforce can be improper 
incentive plans of the companies. 
3.2. Maintenance Planning & Scheduling 
Planning and scheduling are considered an important 
element of maintenance function[11]. Its effectiveness can 
have tremendous impact on cost ratio[4]. It improves 
utilization of production capacity, maintenance resources, 
increases maintenance productivity and ultimately contributes 
in cost saving[4,11].WCB standards suggest that planning and 
scheduling effectiveness of maintenance function should be 
greater than 95%[12]. 
Work order system is considered to be an essential element 
for planning, executing and controlling of maintenance work. 
It is designed to include all necessary information such as job 
specification, resources required, safety procedures etc. that 
are needed to facilitate effective planning and scheduling. The 
in charge of planning and scheduling is responsible for the 
processing of work order system. According to WCB 
standards work order experiencing delay or rework due to 
ineffective or incomplete plan should be less than 3%[13]. 
Results in Figure 6 show that only Company B has work order 
delays less than 10% whereas Company E is experiencing 
more than 50% delays. For the remaining three companies the 
range of work order delay is between 21-40%. 
A possible reason behind the poor planning can be the 
inadequate training provided to the maintenance planners 
which is also reflected from Figure 6. It can be observed in the 
result that the companies providing proper training to the 
planners also show less work order delays. Proper and 
adequate training provided to the maintenance planners is 
considered to be an important factor without which it is 
difficult to achieve a successful maintenance planning and 
scheduling program [4]. 
Figure 6. Planned work orders experiencing delays due to poor or incomplete 
plans. 
A maintenance plan consists of “a structured set of tasks 
that include activities, procedures, resources and the time scale 
required to carry out maintenance”[14]. Standards suggest that 
for an effective maintenance program an organization should 
have at least 80% and its preferable to have 90% of the load 
planned[6]. Planned work reduces uncertainties in the required 
resources and ensures effective coordination to accomplish the 
maintenance task[6]. Figure 7 represents the results for the 
tasks for which all the required specification are well planned 
and established. Results show that for Company E only 40-
50% of the task contains the required information where as for 
Company D the range declines to less than 40%. 
Figure 7. Percent of the inspections/tasks include safety information, detailed 
inspection instructions, material requirements and labour estimates. 
Once the maintenance task is identified it is important to 
establish the needs i.e. resources, services, management 
activities etc. that are necessary to carry out the plan and 
supports successful accomplishment of the maintenance 
activity. 
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4. Conclusion 
Maintenance is considered to be a critical support activity 
for any manufacturing industry. For a developing country like 
Pakistan the role maintenance can play for the development 
and improvement of industries cannot be denied. The 
benchmarking study conducted for the automotive sector of 
Pakistan for two important aspects of maintenance 
management that is maintenance organization and 
maintenance planning/scheduling brings to light some 
important facts and highlights some initiatives that should be 
taken to improve maintenance practices and ultimately support 
manufacturing sustainability on a technological basis. The 
study shows that on an average the performance of the 
companies in the evaluated sections lies in satisfactory range 
when compared to WCB. But from the evaluated results it can 
be concluded that with respect to the performance, companies 
can be categorized into two main groups that is MNCs and 
local industries. The performance of MNCs is far better than 
that of the local industries. This means that the local industries 
could treat the MNCs as the benchmark for the evaluated 
sections. Furthermore the survey also brings to light that the 
overall performance of maintenance function is greatly 
affected by the attitude and motivation level of the work force. 
There is need to motivate the maintenance personnel by 
proper incentive scheme and trainings offered. Furthermore 
there is need to continuously review and update the documents 
that are required to effectively run the maintenance function. 
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